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Summary:  
A high resolution survey was conducted of surface soil samples at Capulin Volcano National Monument 
in northeastern New Mexico, USA. Composited grid samples were collected and processed for 
physicochemical data. Brief site descriptions were made at each sampling location. Several departures 
from established USDA-NRCS SSURGO soils data were noted. Localized discrepancies in soil texture, 
slope class, elevation and soil pH were readily 
apparent in the data. Either the range of 
characteristics of soils mapped at the monument 
needs to be expanded, or new soil series should be 






Northeastern New Mexico, USA is a 
landscape of striking diversity. Out of expansive 
rangeland plains rise sporadic yet majestic cinder 
cone volcanoes and mesas preserved by basalt; 
part of the Raton-Clayton Volcanic Field. 
Capulin volcano, formed approximately 62,000 
years ago, represents the youngest volcano in the 
field [1]. The cone rises 396 m from the plain, 
Figure 1. General location of Capulin Volcano 
National Monument and various lava flows [1]. 
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Figure 2. Sampling scheme and pedon locations at 
Capulin Volcano National Monument. 
reaching an altitude of 2,495 m above sea level [1]. The base of the volcano is 6.4 km in 
circumference and the crater is 126 m deep and 442 m in diameter [1]. Four different flows of 
lava can be observed across the monument, indicative of different eruptive events (Fig 1). 
 For years, natural resource specialists with the US Department of Interior’s National Park 
Service have been puzzled by differences observed on the Capulin volcano cone as compared to 
other cones in the volcanic field. The most striking difference is the abundance of trees and 
woody vegetation on Capulin. Common species include pinyon pine (Pinus cembroides), juniper 
(Juniperus spp.), sumac (Rhus spp.), wavyleaf oak (Quercus undulata), gamble oak (Quercus 
gambelii), chokecherry (Prunus virginiana) and ponderosa pine (Pinus ponderosa). Such species 
are absent on volcanic cones just a 10-20 km away. Prairie grass species such as blue grama 
(Bouteloua gracilis), sideoats grama (Bouteloua curtipendula), and little bluestem 
(Schizachyrium scoparium) are found in tandem with various cacti, yucca and wildflower 
species.  
  Variability in soil properties across the monument and between volcanoes is one possible 
explanation for the wide range in vegetation supported. However, the National Cooperative Soil 
Survey working in tandem with the US Department of Agriculture’s Natural Resources 
Conservation Service provides only limited soils data for the monument. Specifically, only two 
mapping units are noted within the soil survey geographic (SSURGO) data: the Bandera 
Association (Bd) and the Fallsam Rock Outcrop (Fr) which account for roughly 60% and 40% of 
soils mapped on the monument, respectively [2]. The Bandera and Fallsam soil series are 
classified as Ashy-skeletal over fragmental or cindery, mixed, frigid Vitrandic Haplustolls [3] 
and Clayey-skeletal, smectitic, mesic Pachic Argiustolls [4], respectively. The map essentially 
consists of a line through the center of the park seemingly arbitrarily dividing the west side of the 
cone from the east. Yet conditions across the park are highly dynamic with respect to vegetation 
distribution, slope, depth to bedrock, etc. Thus, the goals of this project are to apply high 
resolution soil sampling to develop 1) more discrete identification of the two aforementioned 
mapping units and, 2) the possible identification of new soils which are not represented by the 
Bandera or Fallsam official soil series descriptions (OSDs). 
 
MATERIALS AND METHODS 
 
 
Field sampling at the site took place in May, 
2007. The monument was dividend into a 
hypothetical grid of 114 triangles (Fig 2). Within 
each triangle, three points were randomly selected 
and coordinates downloaded into handheld Garmin 
e-Trex global positioning system (GPS) units. 
Teams of two to three persons collected surface 
soil samples (0-5 cm) from each point, recorded 
site data (slope, vegetation, special features, etc.) 
and composited the three samples into one bag for 
analysis. Each composited triangle represents 
3.2375 ha (Fig 2). Separately, five pedons were 
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excavated to a depth of approximately 1 m and described in detail (Fig 2). Samples were taken 
from each horizon for analysis. Rock samples from across the park were collected for geological 
analysis. Finally, several comparative rock and soil samples were collected from two adjacent 
volcanoes (Horseshoe and Mud Hill). Topographic relief of each site was measured with Suunto 
self damping clinometers. Climatic data of the area came from a weather station located at the 
park ranger station.  
 Lab analysis was conducted at the Tarleton State University Soils Lab in Stephenville, TX. 
Moist soil color was observed under controlled 100 watt lighting using the Munsell soil color 
notation chart. Particle size analysis was performed using a modified Bouyoucos method with 24 
h clay readings and sieved sands [5]. Soil reaction was performed on saturated pastes using an 
Accumet Research AR20 pH meter (Fisher Scientific International, Hampton, NH, USA) [6]. 
Soil salinity was measured using the aforementioned saturated pastes and a Traceable® 
Expanded-Range Conductivity Meter (Control Company, Friendswood, TX) [6]. Loss on 
ignition organic matter was performed on 5 g samples ashed in a muffle furnace for 4 h 550°C 
[7]. Total C and total N were performed on a Vario Macro (Elementar Americas, Mt. Laurel, NJ) 
CN analyzer generally following Dumas combustion methodology [8]. Data from field samples 
and lab analyses were compared to existing SSURGO soils data for the area using methods 
adapted from Zylman et al. [9]. 
 
RESULTS AND DISCUSSION 
 Slopes given on the Bandera and Fallsam soil series are 0-50% and 0-40%, respectively. 
Field evaluation of slope identified 21 triangles with slope >50% (Fig 3). The highest recorded 
slope was 74% in triangle N05. Thus, 18.42% of soils sampled exceeded the range of 
characteristics (ROC) for slope on soils mapped across the monument. Such steep relief 
encourages rapid erosion of loose sediment as evidenced by numerous flumes of cinders and 
rock fragments which in many cases are too unstable to support vegetation. The eastern side of 
the monument is mapped exclusively as the Bandera soil series from the surrounding rangeland 
plain to the top of the volcanic cone. However, the rangeland plain exists at an elevation of 
approximately 2100 m to 2150 m. Yet the elevation of the Bandera OSD ranges from 2377 m to 
2743 m. Thus, the eastern footslope of the volcano (an extensive area) falls below the minimum 
elevation established for this soil series by over 200 meters.   
 Climatic data showed maximum and minimum annual temperatures of 16.2°C and 1.8°C, 
respectively [10]. Total annual precipitation is 42.0 cm with annual snowfall of 105.4 cm [10]. 
Prevailing winds are from the west.  
To date, lab data for 70 triangles representing the western half (approximately 61%) of the 
volcano is complete. Processing of data for the eastern half of the volcano is ongoing. Soil 
textures are largely loam, silt loam or silty clay loam which parallel nicely with SSURGO data. 
However, 19 triangles (27.14%) fell outside the ROC with regard to SSURGO data (Fig 3). 
Sandy loam, sandy clay loam and clay loam were noted in these areas. Furthermore, the 
occurrence of these textures was contiguous over several triangles. With the exception of one 
triangle, all of the sandy textured anomalies were located on slopes of 42-66%. This may 
indicate a shift in parent material or a differential rate of pedogenesis due to slope or other 
factors in these areas. With regard to soil color, most soils had hues of 10YR, values of 2 or 3 
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and chromas of 1 or 2. Yet, 5 triangles (7.14%) had color values of 4. This is important as these 
 
colors will alter the soil classification at the order level. If the soils in question have sufficient 
subsoil development to constitute argillic horizons, their classification would shift to Alfisols. 
But, if the soils do not have argillic horizons, they would be classified as Inceptisols. None of the 
evaluated samples contained appreciable salinity. Saturated paste EC readings for all observed 
samples ranged from 0.35 to 1.05 dS m-1. The greatest disparity between SSURGO data and 
sample data concerns soil pH. Lab data identified 52 triangles (74.28%) which fell outside the 
range of characteristics for their respective soil series. Most pH values were in the range of 5.0-
6.3. The Bandera and Fallsam soils are identified as slightly acid to slightly alkaline (pH 6.1-7.8) 
in the SSURGO data. The moderate acidity in many areas has serious implications on 
macro/micronutrient availability and could subsequently impact vegetative communities growing 
on these soils. The acidity is likely due to high levels of organic matter which decompose to 
humic, fulvic and other acids. Organic matter levels were mostly in the range of 3-10%, although 
isolated samples of up to 49% organic matter were identified. These strong levels of organic 
matter support the low color values and chromas observed. Carbon to nitrogen ratios for all 
samples tested to date ranged from 10.30 – 16.61, firmly indicating that N mineralization is 
Figure 3. Spatial distribution maps of matches between SSURGO data and field samples for a) slope, b) soil 







 A high resolution survey of surface soil properties (0-5 cm) was conducted at Capulin 
Volcano National Monument in Northeast New Mexico, USA. While many of the samples 
supported the existing description afforded by USDA-NRCS official soil series descriptions 
(OSD), several departures were identified. Specifically, soil pH for 74.28% of the samples tested 
was found to be lower than the range of characteristics (ROC) established by the OSD. 
Furthermore, 27.14% of surface soil textures fell outside the ROC; the variant textures being 
largely sandy loam, sandy clay loam and clay loam. Low color values and chromas generally 
supported the OSDs mapped at the monument and were thought to be tied to high levels of 
organic matter (3-49%) found in the soils. Slopes at 18.75% of the sampling locations exceeded 
the ROC for the sites. Also, the eastern footslopes of the volcano fell below the minimum 
elevation of the mapped OSD by over 200 meters. The data from this study support point to a 
need to 1) expand the ROC for the OSDs mapped on the monument, or 2) establish new soils 
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